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A SOLID STATE DETECTOR EXPERIMENT
FOR ELECTRON MEASUREMENTS ON OGO-F

James H. Trainor
Donald J. Williams

SUMMARY

A solid state detector system is described which has been de-
veloped for flight on an Orbiting Geophysical Observatory in polar
orbit. Measurements will be made of the electron flux and spectra
above 35 KeV, both for precipitating and locally mirroring electrons,
as well as atmospheric backscatter.

This paper reviews the physical need and the design require-
ments of such an experiment; and describes the detector and elec-
tronic implementation of the experiment including the methods of

- monitoring detector and electronic performance in flight.
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A SOLID STATE DETECTOR EXPERIMENT
FOR ELECTRON MEASUREMENTS ON OGO-F

INTRODUCTION

This experiment measures the intensities of trapped, precipitated, and
backscattered electrons in the integral energy ranges, E, >35KeV, =>100Kev,
=>300Kev, and 2 1.0MeV. The main goal of the experiment is to obtain and
study the spatial distributions and time histories of these low altitude outer zone
electrons.

Such studies have yielded quantitative results on the-adiabatic motion of
trapped electrons in the distorted geomagnetic fieldl and in a distorted geomag-
netic field including electric field effects.? In addition, the relation and inter-
play of the outer zone with the geomagnetic tail and with perturbations in the solar
wind have been studied utilizing similar low altitude data. 3,4 Studies of electron
precipitation®, 6_have led to an increased understanding of the nature of the loss
mechanisms occurring in the outer zone.?

Continuing these studies on the OGO-F satellite offers the opportunity of nb-
serving these phenomena during the period of maximum solar activity, a period
which should be characterized by enhanced magnetic activity inthe magnetosphere.
The nearly polar, low altitude orbit of OGO-F offers a high sampling density of
all outer zone field lines; a relatively stable local field configuration and conse-
quent knowledge of which field line is being sampled; and a large loss cone, mak-
ing it a simple matter to sample precipitated electron intensities.

THE DETECTORS

The detection method utilized in this experiment is simply to monitor the
amplified output of a totally depleted 500u surface barrier solid state detector
with two discriminator levels. These detectors totally deplete at ~120 volts
and are operated at a full bias of 150 volts. The lower of the two discriminator
levels, together with detector shielding, determines the low energy threshold
of the unit. The higher level is included to reduce possible proton contamination
effects.

The operation is illustrated in Figure 1 where we show the average electron
energy loss® in 5004 of silicon as a function of incident electron energy. This
thickness detector corresponds to a 10% transmission range of ~411KeV elec-
trons. An upper discriminator level of 750KeV and a lower level of 100 KeV



are shown. It is seen from the average energy loss values shown in Figure 1
that all electrons >100KeV will be detected. The proton sensitivity will be con-
fined to 100KeV < Ep < 750KeV and Ep 2 88Mev. Note that with no upper level
the proton sensitivity increases to E, 2100KeV. In light of proton spectra ob-
served in the trapping regions, the inclusion of an upper level yields significant
proton discrimination. In fact it has been shown that such proton contamination
is negligible at low altitudes. 9

It is important to consider the effects of path length and energy straggling
when detecting electrons. For example, the actual setting of the upper discrim-
inator level (750KeV) was chosen as a compromise between maintaining high
detection efficiency for >750KeV electrons and simultaneously obtaining a low
proton sensitivity. The lower level of an integral detector must also be set to
provide a high detection efficiency of minimum ionizing electrons. While the
average energy loss of a 1.5 Mev electron in 5004 of Si is ~230KeV, the most
probable energy loss is ~150KeV and the FWHM of the Landau distribution is
~48KeV. To detect 2 96% of these minimum ionizing electrons (excluding back-
scatter and edge effects) the lower discriminator should be at least 20 below the
most probable energy loss. For the 500y detectors considered here, this yields
a lower level of 150-41 = 109KeV and shows that a 100KeV is satisfactory.

Table 1 shows the discriminator levels, shielding thicknesses and final par-
ticle sensitivities for the experiment. The lower levels shown at 35KeV are
commandable to 75KeV via ground command in case of detector failure or ex-
cessive noise. The 12.5u inch Ni foil isused forlight and heat shielding purposes..

Figure 2 shows a mechanical cross-section of a detector assembly. (1) and
(2) refer to the body shield and snout of the assembly which are made of Cu with
a Pb liner (3). A Kel-F liner (7) provides electrical isolation. The transmis-—
sion detector is mounted in a ceramic ring (12), mechanically buffered with wire.
washers (4) which also pick up the electrical contact. Bias and signal connec-
tions to the detector are made through a washer (6) which is soldered to a pin
extending into one side of a Microdot 53-121 adapter (5). The 50-ohm side screws:
into the mount, and the 93-ohm side is used for the external cable connection.

Also shown is the assembly of a GaAs photoluminescent diode (11) into the
mount. The diode is held in place by a Kel-F sleeve (10) which also provides
insulation for the welded pigtail bringing the signal to the diode. The entire
assembly is held firmly in place by the hollow screw (8) and ferrule (9).

Detection efficiency vs incident electron energy for a 500u, totally depleted
detector is shown in Figure 3. This detector has a 12.5u inch Ni window and
electronic thresholds at 100 KeV and somewhat under 750 KeV. Approaching the



upper threshold, one can see that a few percent of the electrons deposit a very
large fraction of their energy in the detector and are rejected. As expected, this
is less of an effect at higher energies. With the typical electron spectra of phy-
sical concern here, the average efficiency for the detector would be ~90-94%.

THE SPACECRAFT SYSTEM

The OGO is a three-~axis controlled spacecraft, which in the case of OGO-F,
will be put into a near-~Earth, polar orbit. One side of the spacecraft (+Z) is
constrained to always point toward the center of the Earth under the direction of
infrared horizon sensors. Sun sensors then direct rotation about the Z axis in
order tomaximize the electrical power output from the solar arrays and allow
solar-pointing experiments. An additional result is that three faces on the
spacecraft and its appendages (+X, -X and +Y) never see the sun directly. The
main body of the spacecraft mounts thermal control louvers on the X faces.

This experiment is mounted on the EP-2 experiment boom and uses the +Y
face of the experiment package as a radiating surface to dump heat from the
experiment. With multiple layer insulation around the rest of experiment, and
less than 2 watts electrical dissipation, the experiment will run at approximately
-20°C in flight. In doing this, the system noise is reduced by ~25% compared
with ambient temperatures. The limitation here is the performance of our low
power, wide temperature range, charge sensitive preamplifiers, however, this
reduction in noise significantly increases the low noiselifetime of the experiment.

Figure 4 shows the orientation of the detector assemblies with respect to
the radius vector to the center of the Earth (+Z). In our region of interest—
i.e., at low altitudes and invarient geomagnetic latitudes R 60°—the inclinations
of the field lines are greater than 78°. This then guarantees that detectors 5 and
6 with their 30° entrance cones are aligned to monitor precipitating particles.
Similarly, detector 7 will monitor atmospheric backscatter or albedo, and de-
tectors 1 through 4 with their 15° entrance cones will be aligned to within 12° of
the local field direction and will monitor trapped particles mirroring at or very
near the point of observation.

Finally, Figure 4 also indicates that the data from the seven integral detec-
tors are commutated into 4 quasi-logarithmic counters such that, alternately,
data is recorded from detectors 1, 2, 3 and 4 and then 1, 5, 6 and 7. While one
set of data is being taken, the other is being read from shift register into the
spacecraft, etc. Additionally, on a low duty cycle we monitor the rates from
-the upper level thresholds in order to put together a crude proton and heavy par-
ticle spectra, if indeed they are present. The system performance is such that
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the maximum uncertainty in the gain of the preamplifier - amplifier - discriminator
system is +4% over the temperature range of -40°C to +40°C.

CALIBRATION

In flight, the experiment will go over to a calibrate mode every 80 minutes
whereby known charge pulses are applied to the inputs of all the charge preamp-
lifiers. The amplitude of these charge pulses is systematically decreased in
10KeV steps from 810 to 700 KeV and from 130 to 20 KeV, bracketing and check=
ing all discriminator levels. Figure 5 shows the result of pulse height analysis
through the experiment electronics of the 130 to 40KeV pulses. The electronie
noise performance of the system is ~5KeV.

Since the spacecraft data clock is used to set the pulse rate, an easily rec~
ognizable number results regardless of the spacecraft bit rate. Additionally,
we apply a 420 KHz signal for 32 frames in each calibration sequence to check
on the experiment's high count rate capability and the compression.

Previously GaAs photoluminescent diodes were shown included in each de=~
tector assembly. The intent is to be able to stimulate the detectors directly,
allowing a pulsed calibration scheme whereby the discriminators are bracketed
again with known energy pulses, each energy step having a characteristic pulse
rate. The intent is to be able to separate detector and electronic effects.

Figure 6 shows the equivalent particle-energy-effect of the GaAs light
flashers as a function of temperature. The nominal energies noted for each
curve are for 23°C. There is a large effect with temperature; the slope is dif-
ferent in different energy regions. Additionally, different detectors respond
differently to the same light. Our approach is to pair off a given photolumines-
cent diode with a detector and housing; calibrate them as shown here; then use a
computer to select the type of network and component values necessary to com-
pensate the temperature effect. It appears that we have been able to accomplish
this flattening to £10% in our region of interest. We are just now evaluating the
long term performance.

Complementing the pulsed calibration modes, the experiment also measures
all detector leakage currents, detector biases, temperature at several locations;
has the ability to select detector bias voltages by command; and can change from
35KeV to 75KeV discriminators on the low energy channels should there be
measurable noise due to radiation damage, thermal effects, etc.



CONCLUDING REMARKS

A similar although less grand unit employing five 1000y surface barrier de-
tectors was flown aboard the polar orbiting satellite 1963 38C by D. J. Williams
and C. O. Bostrom.? That unit is still operating very satisfactorily 4~1/2
years after launch. The present experiment should assure continuing data
through the next solar maximum, as well as data on the aging of the system.
The latter data are necessary for the continuing design of very long life experi-

ments required for long, deep space missions.
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FIGURE CAPTIONS

Average AE vs E for electrons in 500u silicon.

Cross~-section of a detector assembly.

Detection efficiency vs incident electrons energy.

Detector orientation and data pattern.

Pulse height analysis of the 130KeV to 40 KeV calibration signals.

Temperature effects of a GaAs photoluminescent diodes.
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